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SPECIAL NOTES 


1. API PUBLICATIONS NECESSARILY ADDRESS PROBLEMS OF A GENERAL 
NATURE. WITH RESPECT TO PARTICULAR CIRCUMSTANCES, LOCAL, STATE, 
AND FEDERAL LAWS AND REGULATIONS SHOULD BE REVIEWED. 


2, APIIS NOT UNDERTAKING TO MEET THE DUTIES OF EMPLOYERS, MANU- 
FACTURERS, OR SUPPLIERS TO WARN AND PROPERLY TRALN AND EQUIP 
THEIR EMPLOYEES, AND OTHERS EXPOSED, CONCERNING HEALTH AND 
SAFETY RISKS AND PRECAUTIONS, NOR UNDERTAKING THEIR OBLIGATIONS 
UNDER LOCAL, STATE, OR FEDERAL LAWS. 


3. INFORMATION CONCERNING SAFETY AND HEALTH RISKS AND PROPER 
PRECAUTIONS WITH RESPECT TO PARTICULAR MATERIALS AND CONDI- 
TIONS SHOULD BE OBTAINED FROM THE EMPLOYER, THE MANUFACTURER 
OR SUPPLIER OF THAT MATERIAL, OR THE MATERIAL SAFETY DATA SHEET. 


4. NOTHING CONTAINED IN ANY API PUBLICATION IS TO BE CONSTRUED AS 
GRANTING ANY RIGHT, BY IMPLICATION OR OTHERWISE, FOR THE MANU- 
FACTURE, SALE, OR USE OF ANY METHOD, APPARATUS, OR PRODUCT COV- 
ERED BY LETTERS PATENT. NEITHER SHOULD ANYTHING CONTAINED IN 
THE PUBLICATION BE CONSTRUED AS INSURING ANYONE AGAINST LIABIL- 
ITY FOR INFRINGEMENT OF LETTERS PATENT. 


5. GENERALLY, API STANDARDS ARE REVIEWED AND REVISED, REAF- 
FIRMED, OR WITHDRAWN AT LEAST EWERY FIVE YEARS. SOMETIMES A ONE- 
TIME EXTENSION OF UP TO TWO YEARS WILL BE ADDED TO THIS REVIEW 
CYCLE. THIS PUBLICATION WII.L NO LONGER BE IN EFFECT FIVE YEARS AF- 
TER ITS PUBLICATION DATE AS AN OPERATIVE APE STANDARD OR, WHERE 
AN EXTENSION HAS BEEN GRANTED, UPON REPUBLICATION. STATUS OF THE 
PUBLICATION CAN BE ASCERTAINED FROM THE API AUTHORING DEPART- 
MENT (TELEPHONE (202) 682-8000]. A CATALOG OF APT PUBLICATIONS AND 
MATERIALS IS PUBLISHED ANNUALLY AND UPDATED QUARTERLY BY API, 
1220 L STREET, N.W., WASHINGTON, D.C. 20005. 
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FOREWORD 


This standard covers the selection and installation of loading-rack and tank-truck meter- 
ing systems for non-LPG products. 

API publications may be used by anyone desiring to do so. Every effort has been made 
by the Institute to assure the accuracy and reliability of the data contained in them; however, 
the Institute makes no representation, warranty, or guarantee in connection with this pub- 
lication and hereby expressly disclaims any liability or responsibility for loss or damage re- 
sulting from its use or for the violation of any federal, state, or municipal regulation with 
which this publication may conflict. 

Suggested revisions are invited and should be submitted to Measurement Coordination, 
Industry Services Department, American Petroleum Institute, 1220 L Street, N-W., Wash- 
ington, D.C. 20005. 
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Chapter 6—Metering Assemblies 


SECTION 2— LOADING-RACK AND TANK-TRUCK METERING SYSTEMS 
FOR NON-LPG PRODUCTS 


6.2.1 Introduction 


This standard has been prepared to serve as a guide in the 
selection and installation of loading-rack and tank-truck me- 
tering systems for most petroleum products other than 
liquefied petroleum gas. This standard does not endorse or 
advocate the preferential use of any specific type of metering 
system or meter. 

In general, metering system installations must meet cer- 
tain fundamental requirements, including those that ensure 
proper meter type and size and adequate protective and read- 
out devices (such as presets, registers [counters], strainers, 
relief valves, pressure and flow control valves, and air elim- 
inators, where required). Descriptions of these and other sys- 
tem components are covered elsewhere in this standard or in 
API MPMS Chapter 5. Also, to ensure compliance with state 
laws and regulations regarding weights and measures, the 
latest editions of NIST Handbook 44 and Handbook 12 
should be consulted. 


6.2.2 Scope of Application 


This standard offers guidance on the design, selection, and 
operation of loading-rack and tank-truck metering systems 
and associated equipment where liquid hydrocarbons other 
than LPG are loaded into or unloaded from vehicle tanks. 


6.2.3 Pertinent Publications 
6.2.3.1 REFERENCED PUBLICATIONS 


The most recent editions of the following standards, recom- 
mended practices, and handbooks are cited in this standard. 


API 
Manual of Petroleum Measurement Standards (MPMS) 
Chapter 5, “Metering” 
Chapter 7.2, “Dynamic Temperature De- 
termination” 
RP 1004 Bottom Loading and Vapor Recavery for 
MC-306 Tank Motor Vehicles 
RP 2003 Protection Against [gnitions Arising Out 
of Static, Lightning, and Stray Currents 
NIST? 
Handbook 12. Exeminution Procedure Outlines for 
Weighing and Measuring Devices 


'National Institute of Standards and Technology. U.S. Department of Comm 
merce, Gaithersburg, MD 20899. 
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Handbook 44 Specifications, Tolerances, and Other 
Technical Requirements for Weighing 
and Measuring Devices 


6.2.3.2 OTHER PERTINENT PUBLICATIONS 


Many aspects of the metering function are dealt with at 
Tength in parts of the API Manual of Petroleum Measure- 
ment Standards other than this one. Please refer to the fol- 
Jowing chapters of the Manual for more information. 


API 

Manual of Petroleum Measurement Standards 
Chapter 4, “Proving Systems” 
Chapter 5, “Metering” 
Chapter 7, “Temperature Determination” 
Chapter 11. “Physical Properties Data” 
Chapter 12, “Calculation of Petroleum 
Quantities” 
Chapter 13, “Statistical Aspects of Mca- 
suring and Sampling” 


Note: AP] MPMS Chapter § and Chapter 7.2 are also indicated by the list 
in 6.2.3.1. 


6.2.4 Loading—Rack Metering Systems 


The loading-rack metering systems described in this standard 
are those that apply to the transport-type or home-delivery-type 
trucks. The rack muy be of a single-product/single-meter, sin- 
gle-product/multimeter, or multiproduct/multimeter design, 
The design of the rack should, where possible, allow one meter 
to be proved without interfering with the other meters involved 
in the loading operations. Meters should be able to be proved 
under normal operating conditions. 


6.2.4.1 LOADING-RACK METERING SYSTEM 
INSTALLATION 


The installation of u loading-rack metering system, in- 
cluding the meters and auxiliary equipment, should generally 
follow the diagrams in Figures | and 2, the guidelines in the 
appropriate sections of AP] MPMS Chapter 5, and the man- 
ufacturer's recommendations, 

Currently three types of meter are used on truck loading- 
racks for custody-transfer measurement: the displacement 
meter, the turbine meter, and the mass meter. The last type is 
not widely used at this time. 
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Note: All sections of line thut may be blocked between valves should have provision for thermal pressure relief. 


Figure 1—Installation Diagram—Metered Tank-Truck Loading Rack (Top Loading) 


6.2.4.2 TOP LOADING 


Top loading (see Figure 1) requires the use of an overhead 
loading arm to reach the loading dome hatches on the trucks. 
Loading arms should be designed to reach all domes on a 
single-bottom truck to avoid moving the truck. Top-loading 
arms should be equipped with an extended drop iube and ei- 
ther a deflector end or a 45-degree-cut C-tube end that will 
reach to the bottom of the truck and provide submerged 
filling. The loading arm should be in the same state of 
fill—either void or full—at the beginning and end of the 
loading operation, to ensure measurement consistency. 

Top-loading arms, which are to be completely empty 
when not in use, should be equipped with a vacuum breaker 
that is located at the high point in the piping and downstream 
of the loading valve. This provision allows the arm and drop 
tube to drain aftcr the loading valve is closed. 

Top-loading arms should be designed to swing up to avoid 
interfering with trucks entering the loading area and should 
be counterbalanced by a spring or weight to enable easy po- 
sitioning. When overhead clearance is insufficient for swing- 
ing the loading arm, the loading arm must be moved 
horizontally and the drop tube must be attached and detached 
at each loading dome on the truck. 

Meters for top-loading racks can be located on the loading 
platform or near the ground. When the meter is located be- 
low the platform, the meter register should be located on an 
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exlension above the platform to facilitate the reading of 
quantities by the truck loader, who shall be positioned to ob- 
serve the filling of the compartment. A preset device—ei- 
ther local or remote—may be installed in any loading 
system to expedite loading operations. 

Access from the leading-rack platform to the lop of the 
truck is usually afforded by ramps, adjustable stairways, or 
platforms that are hinged to the side of the loading-rack plat- 
form and can be swung down to the top of the truck. A 
handrail should be provided for the safety ef truck loaders 
standing on top of the truck or on the platform. 


6.2.4.3 BOTTOM LOADING 


The recommendations for bottom loading (see Figure 2) 
are described in API Recommended Practice 1004, During 
bottom loading, the loader is not required to be on top of 
the track. The same mcetcring system can be used on bot- 
tom-loading installations as on top-loading ones. However, 
since the filling of the vehicle compartment cannot be ob- 
served by the truck loader, the system shall be equipped 
with a preset device — either local or remote—to shut off 
the flow of product after a predetermined amount has been 
metered. Also, an overfill shutdown system shall be pro- 
vided in case too large a volume is entered into the preset 
device or the vehicle compartment is not empty immedi- 
ately before loading starts, 
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6.2.4.4 RATE OF FLOW CONTROL 


The capacity of the pumps and piping system supplying a 
product to the loading rack should be adequate to maintain 
the individual meter design flow rates when two or more me- 
ters are operating simultancously. 

A flow control valve should be installed downstream of the 
meter to limit the flow rate to less than or equal to the meter 
manufacturer’s maximum recommended flow rate, Often the 
flow control valve also serves as the automatic shutoff valve. 


6.2.4.5 LOADING-RACK SHOCK 


Severe shock to loading-rack systems can occur unless 
certain precautions are taken in the design of the rack deliv- 
ery facilities, in the construction of the facilities, or in both. 
This shock, called Aydraulic hammer, is caused by closing 
the loading or control valve too rapidly. It should be avoided 
by controlling the closing rate of the valve involved. Emer- 
gency shutdown of a bottom-loading rack initiated by a high- 
level shutdown device must be accomplished in a time frame 
that will prevent overflow. The use of slow-closing valves or 
the control of the closing rate on the loading arms is recom- 
mended to reduce line shock. Whether line shock occurs 
and—if it does occur—its severity depend on flow rate, 
shutdown rate, and length and size of lines. When preset de- 


x 2 


12) 
Bottom “4 


vices are used, a two-stage start-up-and-shutdown valve 
should be incorporated to start the flow slowly before it al- 
lows full flow lo develop and to slow the flow down shortly 
before the final shutoff. Proper engineering ensures safe and 
efficient operation. 

A slow flow start-up protects the meter against hydraulic 
shock, which can accelerate wear that affects meter accuracy. 
Also, a slow flow start-up reduces turbulence and splashing 
in the empty receiving vessel. Turbulence and splashing can 
produce large amounts of vapor leading to greater losses and 
a greater chance of static discharge. A slow flow start-up can 
be achieved electronically by using a pilot valve on the con- 
trol valve or by using a preset. 


6.2.4.6 GROUNDING SYSTEMS 


CAUTION: A grounding system for static electricity shall 
be interlocked with the electrical system so that the product 
cannot be loaded without the grounding system being en- 
gaged. This precaution against ignition will minimize the ac- 
cumulation of static charge on the tank-truck shell but cannot 
ensure the dissipation of all static charges within the system. 
Grounding the tank truck does not prevent the accumulation 
of charges in a liquid with poor conductive properties. See 
API Recommended Practice 2003. 


fill line y Flow control valve 
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© fee 
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Note: All sections of line that may be blocked between valves should have provision for thermal pressure relief. 


“As required and approved by environmental regulations. 


Figure 2—Installation Diagram—Metered Tank-Truck Loading Rack (Bottom Loading) 
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6.2.4.7 ACTIVATOR CONTROL 


Loading operations can be controlled with a simple on/off 
switch system, a key-controlled switch system, a card sys- 
tem, or a key pad system. Systems controlled by keys or 
cards are often used to give details of plant activity through 
logs and reports and to control plant security, the complete 
loading cycle, and product accounting and billing. Also, 
card systems can be used to control plant and additive 
pumps, to calculate an average temperature for loaded quan- 
tity, to produce an on-site bill-of-lading, and to produce an 
invoice, These systems can have internal programmable 
controls to alert the terminal operator of out-of-tolerance 
conditions such as having exceeded one’s product allocation 
limit or having a temperature probe that is out of range. For 
each key position on the loading rack, a separate counter ex- 
ists to record all products to be charged to the key holder. 
Several different key/counter positions can be set up for 
each meter. Card systems can be set up to identify the re- 
ceiving company, vehicle, driver, and product being drawn 
and to interface with data systems for on-site or remote 
recording of quantities loaded. Cards can also be used to 
control access to terminal property through locked or elec- 
tronically-operated gates. The card system should provide 2 
way to lock out cards when a cardholder’s withdrawal au- 
thority has been rescinded. 


6.2.4.8 ADDITIVE AND BLENDING SYSTEMS 


When additives are required to be blended with the pred- 
uct being loaded, it is preferable to locate the injection 
equipment near the custody-transfer meter/controller to 
help ensure that the additive is being injected. Additives 
may be injected upstream or downstream of the custody- 
transfer meter. 


CAUTION, Lf injection is downstream, appropriate precau- 
tions should be taken to account for the volume injected. 


When two components— such as gasoline and an oxy- 
genate— are blended, the blending may be accomplished in 
one of three ways: 


a. Ina storage tank, 

b. In line, upstream of the custody-transfer meter. 

c. Sequentially or simultaneously, downstream of the cus- 
tody-transfer meter(s). 


When blending is done outside of a storage tank, measure- 
ments of three volumes are normally required: the volume 
of cach of the two components and the volume of their com- 
binalion. Thus, when gasoline and an oxygenate are blended 
outside of a storage tank, the following values are normally 
required: the volume of oxygenate, the volume of gasoline, 
and the volume of their combination. 
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6.2.4.9 TEMPERATURE 


Measurement of the product temperature is essential 
when the volume of the product metered is to be corrected to 
a volume at a standard reference temperature of 60°F 
(15°C). 

The temperature-measuring device should be installed ei- 
ther downstream or upstream of the meter and as close to the 
meter as is possible and consistent with flow conditioning re- 
quirements. Where several meters are manifolded in parallel, 
one temperature sensor located in the total liquid stream is 
acceptable, provided that the temperature at each meter and 
at the temperature sensor are the same within the allowed de- 
viation in Table t in API MPMS Chapter 7.2. An automatic 
tempcrature-compensating system is preferable for truck 
loading-rack operations because weights-and-measures au- 
thorities require that the weighted average product tempera- 
ture be printed on invoices for customers that are billed at net 
standard volume. 


6.24.10 METER PROVING 


The method to be used for proving the meters (tank prover 
method, conventional pipe prover method, master meter 
method, or small volume prover method) will determine 
loading-rack design requirements. The meters should always 
be proved under the same conditions (product and flow rate) 
experienced during normal operation. Meters should be set 
via an electronic or mechanical calibrator so that the meter 
register will have a meter factor that is as close to “one” as 
possible and within the tolerances stated in NIST Handbook 
44 or by local weights-and-measures authority. The proving 
frequency may be based on throughput, historical perfor- 
mance, time, restrictions made by the local weights-and- 
measures authority, or a combination of these factors. 

Thermowells should be installed as close to the meter as 
possible to determine the temperature of the product passing 
through the meter during the proving operation. 

Somctimes it is necessary to tap the supply piping—up- 
stream or downstream of the meter—to install an in-line 
prover. When this is done, a double block-and-bleed valve 
shal! be installed between the supply line taps to ensure that 
all product that passes through the prover also passes 
through the meter. 

It is desirable for each bay in a loading rack to have ded- 
icated piping for returning product to storage from meter 
provers. The prover return piping should be independent of 
the piping that supplies product to the meters from storage to 
prevent the possibility of operating interferences and the in- 
troduction of air into the loading-rack supply line. If supply 
lines are used to return the product from the prover, they 
must have an air eliminator to remove any air introduced into 
the lines while the prover is being emptied. In addition, sup- 
ply lines should incorporate nonreturn check valves that by- 
pass supply-line valves. Product-return piping may not be 
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necessary if the proving system allows for shipping of the 
product used for proving. 


6.2.4.11 SEALING 


The adjusting mechanism of the meter and readout should 
be sealed to prevent or detect tampering. In addition, all me- 
ter system accessories affecting the accuracy of volume mea- 
surement should be sealed, and all outlets or connections 
through which unmeasured withdrawal is possible should be 
sealed. Because of recent developments from NCWW? and 
NIST, providing for audit trails where electronic systems are 
installed should be considered. 


6.2.4.12 FLOW CONTROL VALVES 


The flow control valve should be installed downstream of 
the meter. The control valve shall control the delivery of the 
product. It shall also be able to maintain a constant back 
pressure on the supply line and meter, as required. The con- 
trol valve has the ability to accept input from other sensing 
devices to reduce the discharge rate cither at start-up or be- 
fore shutdown. 


6.2.4.13 STRAINERS 


A strainer should be installed upstream of the meter to 
trap solid particles that could damage the meter. ‘The strainer 
should be checked and cleaned periodically, since an accu- 
mulation of solid material in the strainer can restrict flow, 
creating the potential for product vaporization just upstream 
of the meter, and could cause the flow rate to differ from the 
meter-proving flow rate. . 


6.2.4.14 AIR ELIMINATORS 


Air eliminators are required in systems where air can be 
induced into the system. The air eliminator is located up- 
stream of the meter, and its purpose is to dispose of any air 
in the delivery line before it passes through the meter. If a 
system is designed so that significant amounts of air, vapor, 
or both cannot be produced, an air eliminator is not required. 


6.2.4.15 VAPOR RECOVERY 


Regardless of the type of loading that is used—either bot- 
tom loading or top loading—some vapor will be produced in 
the truck compartment. The turbulence of the incoming 
product and the rising liquid level will cause air and vapor to 
be dispersed cithor out the top of the truck compartment to 
the atmosphere or to a vapor-processing system. If the sys- 
tem is equipped with a vapor recovery system, a check valve 
should be installed in the vapor recovery line just prior to the 
truck connection. 


“National Conference on Weights and Measures, Gaithersburg, MD 20899. 
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6.2.4.16 THERMAL RELIEF VALVES 


CAUTION: Any section of the tank-to-loading-rack supply 
piping that can be isolated by the closing of control valves, 
block valves, check valves, and the like shall be protected 
by thermal relief. In a simple piping configuration, excess 
thermal pressure is usually relieved directly to the storage 
tank. However, in a complex supply line—one with multi- 
ple pipe sections with multiple thermal relief valves in se- 
ries—caution must be exercised to avoid overpressuring 
any section that must relieve through another section or sec- 
tions before relieving into the storage tank. This caution is 
required because relief valve set pressures are additive, back 
to the storage tank. 


6.2.5 Tank-Truck Metering Systems 


Most bulk deliveries from tank trucks are measured using 
gauges installed on calibrated truck compartments for full- 
compartment deliveries. Tank trucks may also be equipped 
with one or more meters, Sometimes, to avoid contamination 
or to allow simultaneous product unloading, more than one 
meter is used. The metered product may be delivered hy 
gravity flow or by a pump. 
6.2.5.1 TANK-TRUCK METERING SYSTEM 
INSTALLATION 


Whether mounted for side delivery or rear delivery, tank- 
truck meters should be easily accessible and installed so that 
the effects of vibration are minimal. To prevent drainage of 
the meter, gravity tank-truck meters must be installed with 
the outlet drain at a level higher than the level of the liquid in 
the meter case. A tank-truck metering system must be 
equipped with an air or vapor eliminator or another effective 
means to prevent the passage of vapor and air through the 
meter. Vent lines from the air or vapor eliminator (or other 
means used) shall be made of metal tubing or some other 
suitably rigid material. Typical meter installation diagrams 
are shown in Figure 3. 


6.2.5.2 TANK-TRUCK PIPING AND VALVES 


All piping ta the meter should be as shart as practical. For 
a gravity-operated tank-truck meter, the following should be 
used: pipe of ample size; low-pressure drop valves; and a 
minimum number of pipe fittings. Pipig and valves should 
be arranged to eliminate the possibility of mixing different 
products. Valves that interface with different liquids should 
be periodically checked for liquid-tight seal integrity. 


6.2.5.3 TANK-TRUCK METER CONTROLS 


Like loading-rack meters, tank-truck meters can be pro- 
vided with key and card controls and printers to record cach 
transaction. In addition, fuel oil delivery tank-trucks are 
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quite often equipped with computing systems to determine the total amount of each sale. 
These systems can he either mechanical systems (located on the meter) or electronic sys- 


tems (usually located in the cab). 
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Figure 3—Installation Diagram—Tank-Truck Metering Equipment (Excluding Liquefied Petroleum Gas) 
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